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UHVLQ FRPSRVLWHV¶ VWUDLQ DQ H[SHULPHQWZDV FRQGXFWHGE\ DGGLQJ WZRGLIIHUHQW VL]HV4'V QPQP LQWR
1790   S.F. Yin et al. /  Procedia Engineering  130 ( 2015 )  1788 – 1794 
WHQVLOHVSHFLPHQ7KHFRQFHQWUDWLRQVRIWKHWZR4'VQHHGWREHNHSWWKHVDPHWRH[FOXGHWKHSRVVLEOHHIIHFWRIWR
WKHUHVXOWV


)LJ7HQVLOHDQGFRPSUHVVLYHWHVWVRIWKH4'VHSR[\UHVLQQDQRFRPSRVLWHD7HQVLOHVSHFLPHQDQGWHQVLOHGHYLFH
E6SHFWUD IURP  GLIIHUHQW GHIRUPDWLRQ RI WHQVLOH VSHFLPHQ F7KH PD[ 3/ LQWHQVLW\ YDULDWLRQ ZLWK WKH WHQVLOH
GHIRUPDWLRQLQFUHDVLQJG&RPSUHVVLYHVSHFLPHQDQGFRPSUHVVLYHGHYLFHH6SHFWUDIURPGLIIHUHQWGHIRUPDWLRQRI
FRPSUHVVLYH
)LQDOO\ WKH WHQVLOH VDPSOHVZLWKGLIIHUHQWGHIRUPDWLRQZHUHREVHUYHGE\KLJKUHVROXWLRQ WUDQVPLVVLRQHOHFWURQ
PLFURVFRSH+57(0 WR LQYHVWLJDWH WKHFRQFHQWUDWLRQFKDQJLQJRI4'V LQ WKHQDQRFRPSRVLWH7KHIRUFHVRI1
11DQG1ZHUHUHVSHFWLYHO\ORDGHGRQWKHIRXUVDPHWHQVLOHVSHFLPHQVDQGWKHWHQVLOHVWUDLQVRI
IRXU VSHFLPHQV ZHUH    UHVSHFWLYHO\ 7KHQ VOLFHV ZHUH FXW IURP WKH VWUHWFKHG WHQVLOH
VSHFLPHQVDORQJWKHVWUDLQGLUHFWLRQE\VOLFLQJPDFKLQH/HLFD(08&ZLWKWKHWKLFNQHVVRIQP&RQFHQWUDWLRQ
RI4'VLQWKHVOLFHVFDQEHREVHUYHGWKURXJK+57(0LPDJHV
5HVXOWVDQGGLVFXVVLRQ
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)LJ 7KH WZR FXUYHV UHDFKHG WKHSHDNRU WKHPLQLPXP LQ WKH VDPHPRPHQWZKLFKGHPRQVWUDWHV WKH FKDQJLQJ
EHWZHHQ3/ LQWHQVLW\PD[ DQGGHIRUPDWLRQKDYH WKHGHVLUDEOH WLPH V\QFKURQL]DWLRQ7KH FKDQJH ODZNHHS VWDEOH
GXULQJWKHF\FOHVZKLFKLQGLFDWHVWKDWWKLVQDQRFRPSRVLWHFDQEHXVHGIRUGHWHFWLQJVWUDLQFLUFXODUO\
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)LJ7KHPD[3/LQWHQVLW\RIWKH4'VHSR[\UHVLQQDQRFRPSRVLWHWKLQILOPYDULDWLRQZLWKWKHGHIRUPDWLRQRIPHWDOWHQVLOHVSHFLPHQ
)LJXUH  VKRZV WKDW ZKHQ DGGLQJ WZR GLIIHUHQW VL]HV RI TXDQWXP GRWV WKH HPLVVLRQ SHDNV RI GLIIHUHQW
ZDYHOHQJWKV NHHS WKH VDPH FKDQJLQJ WUHQG ZLWK WKH WHQVLOH GHIRUPDWLRQ RI WKH VSHFLPHQ $V VKRZQ LQ )LJ D
QPLVWKHZDYHOHQJWKRIWKH4'VZLWKWKHVL]HRIQPDQGQPLVWKHZDYHOHQJWKRIWKH4'VZLWKWKHVL]H
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RIQP7KHFKDQJHRIVSHFWUDOFXUYHVDWWKHZDYHOHQJWKVSRWVDUHVLPLODU)LJEVKRZVGXULQJWKHZKROHWHQVLOH
SURFHVV3/ LQWHQVLW\SHDNVRI WZRGLIIHUHQWVL]H4'VFKDQJHDORQJZLWK WKHGHIRUPDWLRQ LQDDOPRVWVDPH WUHQG
:KHQWKHHORQJDWLRQRIWKHVDPSOHLQFUHDVHGIURPWRWKHSHDNLQWHQVLW\RIEOXH4'VGHFUHDVHGE\
DQGJUHHQ4'VGHFUHDVHGE\

)LJ7KHUHODWLRQVKLSEHWZHHQ3/LQWHQVLW\DQGGHIRUPDWLRQRIWZRGLIIHUHQWVL]H4'VD7KH6SHFWUDRIWZRVL]H4'VERWK
GRZQVKLIWZLWKLQFUHDVLQJRIWHQVLOHGHIRUPDWLRQE7KH3/LQWHQVLW\RIWZRVL]H4'VERWKGHFUHDVHZLWKLQFUHDVLQJRIWHQVLOH
)LJXUH  VKRZV WKDW WKH FRQFHQWUDWLRQ RI WKH 4'V LQ VDPSOHV GHFUHDVHV VLJQLILFDQWO\ ZLWK WKH LQFUHDVLQJ RI
GHIRUPDWLRQ)URPWKH+57(0LPDJHVIRUIRXUGLIIHUHQWGHIRUPDWLRQVDPSOHVWKHQXPEHU
RI4'VLQWKHVDPHDUHDDYLVXDOILHOGUHGXFHVJUDGXDOO\


)LJ+57(0LPDJHVRI4'VHSR[\UHVLQQDQRFRPSRVLWHZLWKGLIIHUHQWGHIRUPDWLRQ
$OOH[SHULPHQWDOUHVXOWVVKRZHGWKDWZKHQ4'VHSR[\UHVLQQDQRFRPSRVLWHVZHUHVWUHWFKHGRUFRPSUHVVHGWKH
3/ LQWHQVLW\ZRXOG FKDQJH VLJQLILFDQWO\ DORQJZLWK WKH GHIRUPDWLRQ$QG WKLV UHODWLRQVKLSPDLQWDLQHG GXULQJ WKH
ZKROHWKUHHF\FOHVZKLFKPDNHWKLV4'VHSR[\UHVLQQDQRFRPSRVLWHSRVVLEOHWREHGHVLJQHGDVDQHZLQVLWXVWUDLQ
JDXJH ,Q WKHVH WHQVLOHRU FRPSUHVVLYH WHVWV WKH VWUHVVRI WKH VSHFLPHQV DUH OHVV WKDQ03D%XW UHVHDUFKHV DQG
H[SHULPHQWVFRQGXFWHGE\RWKHUUHVHDUFKJURXSVRULQVWLWXWLRQVKDYHUHYHDOHGWKDW3/LQWHQVLW\RI4'VGRQRWFKDQJH
HYHQZKHQWKH\DUHXQGHU03D>@6RWKHORDGZLOOQRWGLUHFWO\DIIHFWWKH3/LQWHQVLW\RIDVLQJOHTXDQWXPGRW
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0HDQZKLOH)LJVKRZHGWKDWWKHUHVSRQVHVRIGLIIHUHQWVL]HV4'V¶3/LQWHQVLWLHVWRWKHVWUDLQVVWD\DOPRVWFRQVWDQW
ZKLFK SURYHG WKDW WKH VL]H RI WKH 4'V GR QRW DIIHFW WKH UHODWLRQVKLS EHWZHHQ WKH 3/ LQWHQVLW\ DQG VWUDLQ 7KH
REVHUYDWLRQUHVXOWVRI+57(0VKRZWKDWDIWHUEHLQJVWUHWFKHGLQGLIIHUHQWGHJUHHVWKHFRQFHQWUDWLRQVRI4'VLQWKH
QDQRFRPSRVLWHVFKDQJHG7KHKLJKHUHORQJDWLRQZDVWKHORZHUFRQFHQWUDWLRQVZHUH6RKHUHZHFDQFRQFOXGHWKDW
WKHFRQFHQWUDWLRQVRI4'VFKDQJHGZLWKWKHPDWHULDOVWUDLQVZKLFKOHGWRWKHDPRXQWRI4'VGHFUHDVHRULQFUHDVH
ZLWKLQWKHSUREHDUHDDQGIOXRUHVFHQFHLQWHQVLW\RIQDQRFRPSRVLWHWKHQFKDQJHG+RZHYHUWKHUHIUDFWLYHLQGH[DQG
WUDQVPLVVLYLW\ RI HSR[\ UHVLQPD\ FKDQJHZLWK GHIRUPDWLRQZKLFKPD\ KDYH FHUWDLQ HIIHFW WR 3/ LQWHQVLW\7KLV
IDFWRUZDVQRWFRQVLGHUHGLQRXUH[SHULPHQW
&RQFOXVLRQ
:HKDYHGHVLJQHGDNLQGRI4'VHSR[\UHVLQPDWHULDOZKRVH3/LQWHQVLW\LVVHQVLWLYHWRVWUDLQ$IWHUDVHULHVRI
H[SHULPHQWVZHKDYHVXFFHVVIXOO\SURYHGWKDWGXHWRWKHVWUDLQWKHFKDQJHRI4'V¶FRQFHQWUDWLRQZRXOGOHDGWRWKH
FKDQJHRI3/LQWHQVLW\7KDQNVWRWKLVFKDUDFWHULVWLFWKH4'VHSR[\UHVLQFRPSRVLWHVFDQEHXWLOL]HGLQWRDQHZLQ
VLWXVWUDLQJDXJH7UDGLWLRQDOO\PRVWVWUDLQJDXJHVPDNHXVHRIZDYHOHQJWKVKLIWVFDXVHGE\4'V¶EHLQJORDGHGZLWK
*3DIRUFH'LIIHUHQWIURPWKRVHJDXJHVWKHGHWHFWLRQUDQJHRIRXUQDQRFRPSRVLWHVWUDLQJDXJHFDQUHDFKWKHOHYHORI
03DRUOHVV$QGWKLVNLQGRIQDQRFRPSRVLWHPDWHULDOLVHDV\WRSURGXFH-XVWEHLQJFRDWHGRQWKHVWUXFWXUDOVXUIDFH
RXUQDQRFRPSRVLWHJDXJHLVDEOHWRPRQLWRUWKHVWUHVVRUVWUDLQE\QRQFRQWDFWGHWHFWLRQ%XWLQWKLVH[SHULPHQWZH
RQO\ WDNH WKH LQIOXHQFH RI FRQFHQWUDWLRQ LQWR FRQVLGHUDWLRQ 2WKHU IDFWRUV VXFK DV PDWHULDO UHIUDFWLYH LQGH[
WUDQVPLWWDQFHDQGWKHSKHQRPHQRQRIDJJORPHUDWLRQRITXDQWXPGRWVZLOOEHLQYHVWLJDWHGLQIXWXUHH[SHULPHQWV
$FNQRZOHGJHPHQWV
7KLVLQYHVWLJDWLRQZDVVXSSRUWHGE\WKH1DWLRQDO1DWXUDO6FLHQFH)XQGRI&KLQDDQGWKH
1DWLRQDO%DVLF5HVHDUFK3URJUDPRI&KLQD&%
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